n-Hexane and dichloromethane extracts obtained from Laurencia dentroidea (Rhodophyta) and Canistrocarpus cervicornis (Phaeophyta) were investigated for their acaricidal and repellent properties against Tetranychus urticae under laboratory conditions. The two extracts displayed moderate toxicity and good repellent proprieties, and were significantly more toxic (36-fold) than the positive control (eugenol), whereas eugenol was tenfold more repellent than either seaweed extract. The sesquiterpenoid elatol (1) was isolated from L. dentroidea and the diterpenoid seco-dolastane (4R,9S,14S)-4α-acetoxy-9β,14αdihydroxydolast-1(15),7-diene (2) from C. cervicornis, the chemical structures of which were characterized by NMR spectroscopic data ( 1 H and 13 C) and by comparison with literature data. These compounds exhibited moderate toxicity, but a high degree of repellent activity against T. urticae. The findings suggest that marine natural products, specifically terpenes, can be employed for the development of new pesticides and become prototype agrochemical agents.
The two-spotted spider mite (Tetranychus urticae) is considered a major pest in the world. Among the 1200 species of spider mites known, it is the most polyphagous and has been reported on at least 150 host plants of economic value [1] . In Brazil, particularly in the state of Pernambuco, the occurrence of T. urticae was recorded for the first time in 1985, after the establishment of irrigated farming in the city of Petrolina. The incidence of these pests has led to considerable agricultural losses estimated at 30 to 100% of the local production of many vegetable crops, such as tomatoes, beans, and cotton. Due to the fact that many synthetic pesticides are highly toxic to mammals, non-selective and environmentally persistent, the Brazilian National Health Surveillance Agency and trade marketing in Brazil have encouraged research into biologically-based products to replace gradually these highly toxic synthetic pesticides.
Several methods of pest control have been developed as alternatives to conventional synthetic pesticides [2a-c] . One strategy that should be encouraged is the use of marine natural products. Among the marine organisms with biological potential studied in Brazil, seaweeds produce a large array of bioactive secondary metabolites, such as antiprotozoal [3] , anticoagulant [4] and antiviral agents [5] .
Despite the fact that Brazil has approximately 8500 km of coastline and rich marine biodiversity, there are no studies on marine natural products employed as agrochemical agents. In order to establish new agricultural pest control as an alternative to conventional pesticides with low degrees of toxicity to mammals and persistence in the environment, the aim of the present study was to evaluate the acaricidal activity of n-hexane and dichloromethane extracts from one red and one brown seaweed, and their main compounds, against the two-spotted spider mite. Compounds 1 and 2 were isolated from the n-hexane extract of Laurencia dendroidea and the dichloromethane extract of Canistrocarpus cervicornis, respectively ( Figure 1 ). The chemical structures were characterized using NMR spectroscopic data [6, 7] and those of 2 were in agreement with those described previously by Garcia et al. [8] . Both 1 and 2 demonstrated important pharmacological and ecological activities. A large number of halogenated sesquiterpenes have been isolated from L. dentroidea collected in the state of Rio de Janeiro, Brazil, including compound 1, which has demonstrated potent anti-trypanosomal [6] and anti-Leishmania [3, 9] activities. The same sesquiterpene has been isolated from Laurencia chondrioides and L. obtusa collected from Gran Canaria Island and Rio de Janeiro, Brazil, respectively. Compound 1 was found to inhibit the growth of bacteria that are pathogenic to fish and humans; herbivory by crabs and sea urchins, and has demonstrated antifouling properties against the mussel Perna perna [10] [11] [12] . On the other hand, compound 2 has previously been isolated from Dictyota divaricata [13a] , D. linearis and has been found to inhibit herbivory by sea urchins [14b] and Na+K+-ATPase activity [8] . In the present study, the role of compounds 1 and 2 as acaricidal agents is demonstrated for the first time. Lethal and sub-lethal activities of both seaweed extracts in comparison to eugenol as the positive control are displayed in Figure 2 . Extracts from the red (HLD) and brown (DCC) seaweed exhibited potent toxicity, reduction of eggs laid and repellent action against T. urticae.
The lowest concentration of the DCC extract that significantly reduced the number of eggs of the mite was fivefold and 66.3-fold lower than concentrations tested for the HLD extract and positive control, respectively. This reduction in the amount of eggs is likely related to the properties of the substances that make up these extracts, as well as the mortality observed in the toxicity tests, which is concentration dependent. Nonetheless, at concentrations that resulted in a low mortality rate, the amount of eggs laid differed significantly from the control. This result suggests than exposure to these seaweed extracts does not prevent oviposition, but causes a drastic reduction in fecundity when the mites are exposed to the minimal concentration tested for DCC (48.8% reduction at 0.008µg/cm 2 ) and HLD (56.0% reduction at 0.04µg/cm 2 ). Both seaweed extracts achieved greater than 95% mortality at the concentration below 2.0 µg/cm 2 , whereas the positive control was less toxic to the mite and achieved the same mortality rate at a concentration 5.4-fold and threefold greater than the concentrations of the DCC and HLD extracts, respectively ( Figure 2 ). Comparing toxicity between the two seaweeds, DCC was 1.07-fold more toxic than HLD, but the LC 50 values overlap when considering the confidence intervals. The concentration/mortality curves corresponding to the probit 7 mortality responses of the population of mites reveal that the slope values calculated for the extract were similar to one another and lower than that obtained for eugenol ( Figure 3 ). These data suggest greater uniformity in the response of the mite population to the concentrations used for the positive control.
The assessment of the main constituents isolated from the seaweed extracts revealed that both compounds 1 and 2 exhibited a low degree of toxicity against T. urticae. While the HLD and DCC extracts at respective concentrations of 1.0 and 1.8 µg/cm 2 led to greater than 95% mortality, compound 1 isolated from the HLD extract achieved 40.0 ± 1.6% mortality at a concentration of 2.6 µg/cm 2 and compound 2, isolated from the DCC extract, achieved only 31.8 ± 1.1% at a concentration of 2.3 µg/cm 2 . Moreover, the positive control (eugenol) achieved lower mortality rates at concentrations of 1.0 and 1.8 µg/cm 2 (20.0 ± 0.7% and 40.0 ± 0.7%, respectively) in comparison with the extracts. These data indicate that these constituents were not responsible for the toxicity found in the extract, thereby suggesting a possible synergistic interaction between these compounds and others found in lower amounts that potentiate their activity in the respective extracts.
The sublethal activity of the seaweed extracts and their constituents was assessed through experiments of repellence. Both extracts demonstrated potent repellent action. However, eugenol proved approximately tenfold more repellent than the seaweed extracts, whereas the CR 50 values did not differ between the two extracts. In the comparison of repellence between the isolated compounds and respective extracts at a concentration of 2.55 µg/cm 2 , the values for the HLD and DCC extracts were 90.0 ± 0.9% and 93.3 ± 0.7%, respectively, and the values for compounds 1 and 2 were 84.6 ± 0.6% and 82.0 ± 0.9%. In contrast, eugenol achieved 100.0 ± 0.0% repellence at this same concentration. The contact and repellent activity of the seaweed extracts analyzed could be a great advantage for the integrated management of T. urticae. The results of the acaricidal proprieties of the red and brown seaweed extracts, especially their repellent action, can be attributed to compounds 1 and 2, respectively. However, further research on safety issues for human health and formulation is required to improve the insecticidal potency, stability and cost/benefit ratio. 
Experimental

Seaweed collection:
Extractions and compound isolation:
Air-dried L. dentroidea (300.0 g) was extracted in n-hexane (C 6 H 14 ) at room temperature for 30 days. The solvent was evaporated in vacuo yielding 4.4 g of dry n-hexane crude extract (HLD). Air-dried C. cervicornis (300.0 g) was treated using the same procedure, but with dichloromethane (CH 2 Cl 2 ) as the solvent, resulting in 14.6 g of dry crude extract (DCC).
A part of the HLD from L. dendroidea (0.79 g) was submitted to preparative silica gel 60 CC (2.5×25cm), eluted with nhexane/EtOAc 8:2, which gave 78 fractions (F1-F78, 10 mL each). This fractionation was monitored by TLC (silica gel GF254 -Merck), using as mobile phase CHCl 3 /n-hexane 3:1. Fractions F11-F12 were combined yielding a brownish residue (103.7 mg), which was submitted to preparative silica gel 60 CC (1.5×35 cm), eluted with CHCl 3 /n-hexane (3:1) to give 21 fractions (F1-F21, 5 mL each). Fraction F9, analyzed by TLC, showed only a purple spot (Rf=0.66) after spraying with 2% ceric sulfate in sulfuric acid, followed by heating at 100°C for 3 min. This procedure led to the isolation of a pure, clear, colorless oil (19 mg, 0.06%), identified as the halogenated sesquiterpene, elatol (1).
Part of the DCC from C. cervicornis (5 g) was subjected to silica gel 70-230 mesh CC (3.5 × 25 cm), eluted with n-hexane, CH 2 Cl 2 , EtOAc, Me 2 CO, and MeOH in sequence, to give 45 fractions (F1-F45, 20 mL each). Fractions F12-F25, eluted with CH 2 Cl 2, showed similar TLC profiles and so were combined to produce a dark brown-green residue (1.2 g), which was subjected to further silica gel 70-230 mesh CC (2 x 25 cm), eluted initially with nhexane/EtOAc (3:1) and then by increasing the polarity to 100% EtOAc, to give 48 fractions (F1-F48, 10 mL each). Fractions F14-18, analyzed by TLC, showed intense browns spots (Rf = 0.47, mobile phase n-hexane/EtOAc). These fractions were combined (200 mg) and subjected to silica gel 70-230 mesh CC (1.0 × 20 cm), eluted with n-hexane/EtOAc (4:1), to give 20 fractions (F1-F20). Fraction F8 afforded the yellow gum identified as the diterpene, (4R,9S,14S)-4α-acetoxy-9β,14α-dihydroxydolast-1(15),7-diene (2) (143.0 mg, 0.05%).
Acaricidal assay: Two-spotted spider mites (Tetranychus urticae) were taken from a research colony in continuous culture on Canavalia ensiformes L. plants (jack bean) without any pesticide exposure in the Department of Agronomy at Universidade Federal Rural de Pernambuco. Mites used for all experimental procedures were reared at 25 ± 5ºC, relative humidity 65 ± 5%, and with a 12 h photophase.
Contact bioassay:
To determine the susceptibility of T. urticae adults to the action of HLD and DCC extracts by contact toxicity, a leaf disc painting method was used, as described by Miresmailli et al. [16] , with modifications. This methodology was used for calculating LC 50 values of both extracts and eugenol. Tests were conducted in Petri dishes (10 cm diameter). The concentrations of the n-hexane (HLD) and dichloromethane crude extracts (DCC) ranged from 4 x 10 -3 to 1.8μg/cm 2 , using a spreader sticker adjuvant (Tween-80, 0.01mL/mg) diluted in distilled water. The concentrations of eugenol ranged from 0.21 to 5.40 μg/cm 2 . Leaf discs (2.5 cm diameter) were cut from leaves of greenhouse-grown jack bean. Concentrations of 1 and 2 were equivalent to those founds in the LC 95 in the n-hexane (compound 1 = 2.6 µg/cm 2 ) and dichloromethane crude extracts (compound 2 = 2.3µg/cm 2 ). A 20µL aliquot of each concentration was painted on the underside of the disc with a micropipette. After drying at room temperature for 20 minutes, each disc was individually placed in the bottom of a Petri dish atop a 10 cm diameter disc of filter paper wetted with distilled water. Five adult female spider mites were introduced into each Petri dish. Mortality was determined under a dissecting microscope 24 h after treatment. Mites were considered dead if appendages did not move when prodded with a fine paintbrush. Control mites were held on leaf discs painted with the carrier solvent alone. All treatments were replicated 5 times. Mortality observations were analyzed using the SAS program (version 9.0) [17] for analysis of variance (ANOVA), and Tukey's test (P≤0.05) was used to compare means. Mortality data obtained in these experiments were analyzed with the Probit model for LC 50 determination, with a 95% confidence level for all assays [18] .
Repellency bioassay:
The repellent effects of the different seaweed extracts against adults of T. urticae were evaluated using the area preference method adapted by Nerio et al. [19] . Test areas consisted of discs of jack bean leaves (9 cm) cut in half (9.81cm 2 ). Test solutions were prepared by diluting the seaweed extracts in 1 mL ethanol. The concentrations of n-hexane (HLD) and dichloromethane crude extracts (DCC) ranged from 0.0001 to 2.55 μg/cm 2 . The concentrations of eugenol ranged from 3.2 x 10 -6 to 1.1 μg/cm 2 . Concentrations of 1 and 2 were equivalent to the lower concentration of the HLD and DCC extracts that promoted over 90% repellency (2.55 µg/cm 2 ). Each concentration was uniformly applied to a half-leaf disc using a micropipette. The other half leaf was treated with ethanol alone and used as a control.
Chemically treated and control half discs were air dried for 5 min to evaporate the solvent completely. Each disc was placed in a 10 cm Petri dish and 10 adult mites were released at the centre of the disc and the Petri dishes were subsequently covered. The treatments were replicated 15 times. The numbers of mites present on the control and treated areas of the discs were recorded after 2 h of exposure. To estimate the concentration that repelled 50% of the exposed mites (RC 50 ) of each assayed sample, the numbers of mites present on the control and treated areas were submitted to Probit analysis using POLO-PC software [18] . Repellence and toxicity ratios were determined based on the method described by Robertson and Preisler [15] .
